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Molecular detection of Babesia vogeli, Ehrlichia canis and
Anaplasma platys in a hospital population of dogs clinically
diagnosed with hemoparasitosis

Deteccao molecular de Babesia vogeli, Ehrlichia canis e Anaplasma
platys em uma populacao hospitalar de caes diagnosticados
clinicamente com hemoparasitoses
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Highlights:

The occurrence of hemoparasitosis in dogs from the Londrina region is common.

Molecular techniques should be used as an auxiliary tool for the differential diagnosis of the different etiological
agents causing hemoparasitosis in dogs.

Molecular techniques are essential for better investigation and preventive assertiveness etiological agents causing
hemoparasitosis in dogs.

Abstract

There is an increase in tick-borne diseases in dogs in urban and rural areas in Brazil and some of
these are of public health importance. Rhipicephalus sanguineus-transmitted hemoparasitoses are the
main causes of mortality in dogs. The present study investigated the molecular occurrence of Ehrlichia
canis, Babesia vogeli and Anaplasma platys in dogs with clinical sings and hematological abnormalities
suggestive of tick-borne diseases. These dogs were seen at a Veterinary Hospital of a Public University
between January 2014 and December 2016, and were evaluated through anamnesis, clinical examination
and complementary exams. The polymerase chain reaction technique was used to detect the presence of
hemoparasites DNA. From the 461 dogs that were tested for B. vogeli, 10.6% (49/461) were positive,
the associated variable was age. Regarding the 730 animals screened for E. canis, 15.1% (110/730)
were positive, and the infection was associated with hematocrit and number of platelets. Relative to the
86 samples evaluated for 4. platys, 15.1% (13/86) were positive, and no variable presented statistical
significance. From the animals positive for B. vogeli, no of these showed positivity by qPCR for
Rangelia vitalii. It is concluded that the occurrence of hemoparasitosis in dogs from the Londrina region
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is common. Therefore, it is emphasized that molecular techniques should be used as an auxiliary tool
for the differential diagnosis of the different etiological agents causing hemoparasitosis. Additionally,
these molecular tools are essential for better investigation and preventive assertiveness because it allows
to detect parasite DNA.

Key words: Globular volume. Hemoparasite. PCR.

Resumo

Ha um aumento na ocorréncia das doengas transmitidas carrapato em cées em areas urbanas e rurais no
Brasil, algumas, inclusive, sdo de importancia para a saude publica. As hemoparasitoses transmitidas por
Rhipicephalus sanguineus estdo entre as principais causas de mortalidade em cées. O presente trabalho
teve como objetivo investigar a ocorréncia por meio de deteccdo molecular de Ehrlichia canis, Babesia
vogeli e Anaplasma platys em cdes com sinais clinicos e anormalidades hematologicas sugestivas de
doengas transmitidas por carrapatos. Esses cdes foram atendidos em um hospital veterinario de uma
universidade publica entre janeiro de 2014 e dezembro de 2016, onde foram avaliados por anamnese,
exame clinico ¢ exames complementares. A técnica de rea¢do em cadeia da polimerase foi utilizada
para detectar a presenca de hemoparasitas. Dos 461 caes testados para B. vogeli, 10,6% (49/461) foram
positivos, a variavel associada foi a idade. Em relag@o aos 730 animais testados para E. canis, 15,1%
(110/730) foram positivos, e a infec¢do foi associada ao hematocrito e ao nimero de plaquetas. Das
86 amostras testadas para 4. platys, 15,1% (13/86) foram positivas e nenhuma variavel apresentou
significancia estatistica. Dentre os animais positivos para B. vogeli, nenhum foi positivo no qPCR para
Rangelia vitalii. Conclui-se que a ocorréncia de hemoparasitose em caes da regido de Londrina é comum.
Assim, enfatiza-se que as técnicas moleculares devem ser utilizadas como ferramentas auxiliares para
o diagnostico diferencial dos diferentes agentes etiologicos causadores da hemoparasitose. Além disso,
sdo essenciais para uma melhor investigagdo e assertividade preventiva, pois permitem detectar o DNA
do parasita.

Palavras-chave: Hemoparasita. PCR. Volume globular.

Introduction

Hemoparasitosisin dogsis among the main causes
of morbidity and mortality worldwide, with the
Rhipicephalus sanguineus tick being its main vector
(Dantas-Torres, 2008). In Brazil, the R. sanguineus,
or brown dog tick as it is popularly known,
transmits through its bite a series of pathogens, such
as Babesia, Ehrlichia, Anaplasma and Mycoplasma
(Rotondano et al., 2015). The associated clinical
manifestations are nonspecific and involve different
systems. Clinical signs of fever, lethargy, anorexia,
jaundice, and neurological disorders are common
clinical manifestations of these diseases; anemia,
leukocytosis, leukopenia, and thrombocytopenia
can also be observed (Fonseca et al., 2017). Babesia
gibsoni and Babesia vogeli are intra-erythrocyte
protozoa of the Apicomplexa phylum that cause
canine babesiosis (Dantas-Torres & Figueredo,

20006), with B. vogeli being the predominant species
in Brazil (A. B. Silva et al., 2012). Babesiosis may
present asymptomatic and symptomatic cases, a
taxonomic denomination of the parasite is given
according to the identified locality (Uilenberg,
2000). Ehrlichia canis, E. chaffeensis, E. ewingii, E.
muris and E. ruminantium are the five species that
make up the genus Ehrlichia, standing out E. canis
is responsible for hemoparasitosis in dogs in Brazil
(Azevedo et al., 2011); however, a new genotype
was described in cattle and deer in Canada, the
Ehrlichia minasensis (Carvalho et al., 2016).

Canine monocytic ehrlichiosis (CME) was first
described in Brazil in 1973, in Belo Horizonte,
Minas Gerais state (Costa, Batista, Silva, &
Guimaraes, 1973). These species are gram-negative,
obligate intracellular bacteria of mononuclear
cells, such as monocytes and macrophages (Isola,
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Cadioli, & Nakage, 2010). The clinical condition
is non-specific and may present the same above-
mentioned clinical manifestations (Kataoka,
Santana, & Seki, 2006). The etiological agent
responsible for CME is a gram-negative bacterium,
Anaplasma platys (Machado, Dagnone, & Silva,
2010). This hemoparasitosis is characterized by
alternating periods of thrombocytopenia associated
with the cyclic appearance of the parasite within
platelets (Dyachenko, Pantchev, Balzer, Meyersen,
& Straubinger, 2012). this specific
characteristic, most dogs do not present the clinical
form of the disease (Ribeiro et al., 2017).

Due to

Rangelia vitalli is capable of infecting leukocytes
and vascular endothelium and is phenotypically
similar to babesias (Loretti & Barros, 2005;
Lemos et al., 2017), the vector responsible for its
transmission is the tick, Amblyomma aureolatum,
reported mainly in the southeastern and southern
regions of Brazil (Soares et al., 2015).

The clinical and laboratory diagnosis of these
diseases are based on the clinical manifestations
that can be associated with hematological changes
and the presence of the agent. Evaluation of the
peripheral blood smear is the most used routine
technique, but this methodology presents low
sensitivity and specificity (A. B. Silva et al., 2012).
To overcome this problem, the use of molecular
techniques, such as the polymerase chain reaction
(PCR), should be associated with more reliable
results (Witter et al., 2013). The present study
aimed to determine the occurrence of Babesia
spp., Ehrlichia spp. and Anaplasma spp. relating
the presence of the etiological agents in question
with possible factors associated with infection
and hematological alterations in dogs suspected
of hemoparasitosis which had been attended at a
veterinary hospital.

Material and Methods

A retrospective study was performed with 734
dogs, from January 2014 to December 2016, who

were evaluated at a veterinary hospital (VH) of
Universidade Estadual de Londrina for suspected
hemoparasitosis. Samples of blood from these
animals were sent to the Veterinary Protozoology
Laboratory to identify on one or more agents (B.
vogeli, E. canis, and A. platys) by using PCR.

Data relative to the breed, age, sex, season of
the year in which the animal was tested, and result
of the blood count were obtained from the records
of these animals. The breeds were classified into
two categories, namely: defined breed (DB) and
non-defined breed (NDB). Relative to age, the
animals were distributed in groups: puppies (0 to
12 months), young dogs (13 to 36 months), adults
(37 to 96 months) and elderly animals (older than
96 months).

The
were evaluated: red blood cell count, hematocrit

following hematological parameters
percentage, number of leukocytes and number of
platelets according to the reference values, 5,5 -
8,5 x 10° uL! for red blood cells, 6 - 17 x 103 pL™!
for leukocytes, 37 - 55% for hematocrit and 2 - 5
x 10°uL"! for platelets (Kaneko, Harvey, & Bruss,
1997). Were considered with anemia, leukopenia
and thrombocytopenia the animals that presented
hematological values lower than those mentioned
above. The extraction of genomic DNA was
performed using commercial QIAmp DNA Blood
Mini Kit (Qiagen ™', Sao Paulo, Brazil) according
to the manufacturer’s recommendations. In order
to control the quality of the DNA extraction,
quantification was performed using L-QUANT
(Loccus Biotecnologia, Cotia, Sdo Paulo, Brazil),
the samples whose extracts had no minimum
concentration of 50ng/ulL or purity between 1.6
and 2.0 were submitted to an additional DNNA
extraction. Ultrapure water was used as negative
controls, blood samples from diseased dogs whose
blood smear was positive for visualization of the
agents B. vogeli or E. canis or A. platys were used
as positive controls.

For the diagnosis of B. vogeli the amplification
of a fragment of the 450 bp of 18S ribosomal
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RNA gene (RNA) was performed using the
primers CAN 626R (5’-GAACTC GAA AAA
GCC AAA CGA-3 °) and CAN 172F (5’-
GTT TAT TAGTTT GAA ACC CGC-3%); for
amplification of E. canis, the primers EcavB9-F
(5’-CATTATCATTTCAATACGTAACTC-3’)
and EcavB9-R
(5’-TTTTGATTTTCTTCTGACATAGTG-3 ‘) were
used to amplify 959 bp of the gene virB9; for A. platys
diagnosis, DNA was amplified using primers platys
16S-F  (5-AAGTCGAACGGATTTTTGTC-3’)
and platys-R (5’-CTCTCCCGACTCTAGTC-3 ),
whose target is the gene 16S RNAr (504pb), all
of them according to Ribeiro et al. (2017). After
amplification, 1.5% agarose gel electrophoresis was
performed with SyBr Safe (Invitrogen™, California,
USA). With the purpose of performing differential
diagnosis because the primers CAN 626R and CAN
172F can amplify R. vitalii, positive samples for
B. vogeli were subjected to qPRC to amplification
of 1056 bp fragment (GenBank: JF279603) of the
hsp70 gene of R. vitalii, according to Soares et al.
(2018).

The program Epi Info 3.5.4 (CDC, Atlanta,
EUA) was used to tabulate the data. The statistical
significance between the analyzed variables and the
results of the PCR were verified in the program R
3.3.2 (R Core [R], 2013) by means of simple and
multiple logistic regression, considering a level of
significance of 5%. To calculate the association
between the variables, the crude odds ratio (OR)
with a 95% confidence interval was used.

Results and Discussion

The frequencies of PCR-positive dogs studied
for the different hemoparasites were: 22.5%
(165/734) positive for at least one hemoparasite,
10.6% (49/461) positive for B. vogeli, 15.1%
(110/730) positive for E. canis and 15.1% (13/86)
for A. platys. Of the 49 animals positive for B.
vogeli research, all were negative for R. vitalii.

Co-infection was observed in seven animals, one
animal presented positivity for E. canis and A.
platys, and six animals exhibited positivity for E.
canis and B. vogeli. Positivity for B. vogeli was
associated with age; hematological alterations
(haematocrit, number of erythrocytes and platelets)
were the variables associated with infection due to
E. canis. No association was identified for A. platys
positivity. When considering the results for at least
one of the agents analyzed, the associated variables
were age, number of erythrocytes, percentage of
hematocrit and number of platelets. The results of
simple logistic regression are presented in Table
1, multiple logistic regression models were not
statistically significant.

Studies conducted in Brazil showed differences
in the occurrence of hemoparasites in dogs
depending on the region studied, animal population
and research methodology, these parasites were
detected in 4.9% to 70.9% of dogs in reports from
South and Central-West regions of the country
(Bulla et al., 2004; Dagnone, Autran, Vidotto,
Jojima, & Vidotto, 2003; L. G. F. Santos et al.,
2013; Saito et al., 2008; F. Santos et al., 2009; A. B.
Silva et al., 2012; Ramos et al., 2009; Ueno et al.,
2009). In a study conducted on a population of dogs
in the city of Jataizinho, Parana state, a positivity of
16.4% E. canis and 19.4% A. platys was identified
using molecular methods (A. B. Silva et al., 2012);
similar findings were described in the present study.

The results of the present study showed a reduced
occurrence of B. vogeli in elderly (OR=0.18) and
adult (OR=0.28) dogs when compared to puppies;
when considering the positivity for at least one
hemoparasite, the occurrence in adult dogs
(OR=0.52) was less than that identified in puppies.
Similar results were found in a study in the western
mesoregion of Maranhdo (A. B. Silva et al., 2012).
Most likely, the higher rate of infection in puppies
is associated with the immaturity of the immune
system, which favors the development of the disease
(Antunes et al., 2015).
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Among the hematological alterations observed
in dogs form this study, thrombocytopenia, anemia
and low hematocrit were considered significant for
PCR-positive results for E. canis and for at least
one hemoparasite. Similar results were described
in a study conducted at a veterinary hospital
in S3o Paulo state (Moya-Araujo et al., 2012).
Thrombocytopenia by ehrlichiosis is cyclic; there
are times when platelets are low, subnormal or
normal, in chronic infection platelet consumption is
caused by inflammation in the endothelium, which
adds to the destruction by an immune-mediated
reaction or splenic sequestration (Harrus, Waner,
Bark, Jongejan, & Cornelissen, 1999; Smith,
Miodrag, Huxsoll, & Baylor 1975; Manoel, 2010).
Consequently, a decrease in platelets count is not
adequate to confirm the diagnosis of ehrlichiosis
in dogs, and further investigation is necessary. In
ehrlichiosis, anemia, or a reduction in the number
of erythrocytes and, consequently a reduction in the
hematocrit, is associated with the inhibition of the
bonemarrow due to the performance of the monocytic
phagocytic system which, when combined with the
complement system, suppression of the medullary
erythropoiesis (Kakoma et al., 1994; Almosny &
Massard, 2002; Nakaghi, Machado, Costa, André,
& Baldani, 2008; Vieira et al., 2011; Rocha et al.,
2016; Maegraith, Gilles, & Devakul, 1957).

It is important to highlight the presence of a
multi-infections due to E. canis, B. vogeli and A.
platys in seven animals. This frequency was low
compared to the results obtained in Pernambuco
state, where 32% of the animals presented with a
co-infection of E. canis and A. platys (Ramos et al.,
2009).

Considering that the 18S rRNA gene shows low
polymorphism among Piroplasmida species (Soares
et al., 2018), the PCR was performed to diagnosis
R. vitalii in the sampled dogs. All animals tested
were negative, this result was expected since the
A. aureolatum vector is not yet found in Londrina

(Labruna, Guimaraes, Pacheco, Pinter, & Gennari,
2001). However, studies carried out by B. R. Silva
et al. (2017), in the metropolitan mesoregions
of Curitiba, Central and South Center of Parana
state have identified the A. aureolatum vector
in the following cities: Cascavel, Ponta Grossa,
Guarapuava, Castro, Carambei, Campo Largo,
Campina Grande do Sul and Sao José dos Pinhais.

The samples evaluated in the present study were
obtained dogs diagnosed clinically, because of this,
higher values were expected for the hemoparasites
investigated. In Jaboticabal, Sao Paulo state,
53.3% of the dogs had tested positive for E. canis
by the PCR (Nakaghi et al., 2008). Thus, the low
occurrence may be associated with the diagnostic
technique used, since detection of the agent in the
blood by the PCR is possible if the animal is in the
acute phase, in the case of chronicity, this technique
may result in false negative result. Therefore, it
would be interesting to associate a serological assay
with the detection animals in the chronic phase of
the disease to improve the sensitivity and specificity
of laboratory diagnosis (Witter et al., 2013).

Conclusion

We can conclude that the Londrina region is
endemic for hemoparasitosis in dogs and puppies
are more susceptible to infection relative to adults
and elderly dogs. Even though hemoparasites cause
important hematological alterations in dogs, these
changes are not adequate to arrive at a diagnosis.
Additionally, molecular techniques are important
to confirm a diagnosis and to differentiate the
etiological agents involved.
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